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1.  Introduction 

)URPWRWKHDQQXDOHOHFWULFLW\JHQHUDWLRQLVH[SHFWHGWRJURZIURPWRWULOOLRQN:K5HQHZDEOHHQHUJ\VRXUFHV





IXOOORDG RSHUDWLRQDO KRXUV OHDGV WR KLJKHU FRVW SHU XQLW RI HOHFWULFLW\ SURGXFHG $V D UHVXOW WKHUH LV DQ LQFUHDVLQJ QHHG IRU
LQGXVWULDOVL]HGVWRUDJHRIHOHFWULFHQHUJ\WRVWRUHWKHWHPSRUDU\VXUSOXV

The concept “PowerWRGas” (PtG), proposed by the German Federal Network Agency LQ>@LVDFKHPLFDOHQHUJ\VWRUDJH
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,QRUGHUWRKHOS LPSURYH WKHYLDELOLW\RI/33VLQDJURZLQJUHQHZDEOHHQHUJ\PDUNHW WKH3W*SURFHVVLVXVHGWRVWRUHVXUSOXV
HOHFWULFDOHQHUJ\ IURPWKHHOHFWULFDOJULG LQWR WKHQDWXUDOJDVJULG7KHUHIRUH LQD W\SLFDOFDVHXVHGKHUHRI WKHHOHFWULFDO
EORFNFDSDFLW\RID/330:HORI0:HOWRWDOLVXVHGIRUK\GURJHQJHQHUDWLRQ&2LVVFUXEEHGIURPWKH/33IOXHJDVYLD









2.  Research Approach 

7KHPHWKRGRORJ\XVHGZDVEDVHGRQ WKH LQWHJUDODSSURDFKGLVFXVVHG LQ6HLGHUHW DO >@7KHGHVLJQPHWKRGRORJ\FRQVLVWVRI
WKUHHPDMRU LWHUDWLYH SDUWV 3DUW , 3UREOHP GHILQLWLRQ 3URFHVV FUHDWLRQ DQG%DVH FDVH FUHDWLRQ GHDOVZLWK WKH EDVLFV IRU WKH
SURFHVVFUHDWLRQDQGFROOHFWLQJDOUHDG\DYDLODEOHLQIRUPDWLRQ6LPSOHVLPXODWLRQPRGHOVDUHLQYROYHGDQGHFRQRPLFFKHFNVHJ
JURVV SURILW DQDO\VLV JXDUDQWHH WKHYLDELOLW\ RI WKH SURFHVV3DUW ,,'HWDLOHG SURFHVV V\QWKHVLV'HSHQGLQJ RQZKHWKHU LW LV D
FRQWLQXRXVRUDEDWFKSURFHVVWKLVVWHSLQYROYHVFUHDWLQJFKHPLFDOUHDFWLRQDQGVHSDUDWLRQQHWZRUNVDQGLWVRSWLPDOVHTXHQFH$W















ĹCH4, ĻCO, ĻH2, ĻCO2
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7HFKQLFDOGDWDZDVREWDLQHGIURPDSURFHVVPRGHOEXLOWLQWKHSURFHVVIORZVKHHWLQJVRIWZDUHWRRO$VSHQ3OXV5HTXLUHGSURFHVV
FRQGLWLRQV IURP D UHSUHVHQWDWLYH OLJQLWH ILUHG SRZHU SODQW /33 ZHUH PDGH DFFHVVLEOH E\ D FRRSHUDWLQJ HQHUJ\ VXSSOLHU LQ
*HUPDQ\IRUWKHHYDOXDWLRQRILQWHJUDWLQJWKH3W*7KHFDSDFLW\RIV\QWKHWLFQDWXUDOJDV61*SURGXFWLRQZDVVHWDWWKRI
TXDOLW\ + DFFRUGLQJ WR *HUPDQ JDV VSHFLILFDWLRQV IRU WKH :REEH ,QGH[ VHH $SSHQGL[ $ ZKLFK LV HTXLYDOHQW ZLWK WKH





HQHUJ\ LV VXSSOLHG IURP WKH /33 DQG D FRQVHUYDWLYH VSHFLILF HQHUJ\ FRQVXPSWLRQ RI  N:K1PRI + IRU SURGXFWLRQ YLD








Parameter Unit Reference 
Electric energy available  0: RI/33EORFNFDSDFLW\
Specific energy consumption 
electrolysis 
 N:K1P+ (OHFWURO\VLV>@
Molar H2/CO2 ratio   
Inlet conditions H2  EDU& >@








HTXLOLEULXP DQG RWKHU DVSHFWV VXFK DV SRVVLEOHPHWKDQH GHFRPSRVLWLRQ %DVHG RQ WKH “Le Chatelier’s Principle” the reaction 














JDVDSSOLFDWLRQV LQFOXGLQJSURFHVVLQJWUDQVSRUWDWLRQDQGVWRUDJH >@ ,QFOXGHGFRPSRXQGVDUHFDUERQGLR[LGH&2FDUERQ
PRQR[LGH&2K\GURJHQ+ZDWHU+2DQGPHWKDQH&+$VWKHFDWDO\VWDQGUHVSHFWLYHNLQHWLFGDWDZDVQRWVHOHFWHGDW
WKLV VWDJH WKHRGibbs DQGRStoic UHDFWRUZHUH XVHG LQ WKH ILUVW VWDJHV RI WKH SURFHVV V\QWKHVLVRGibbs LWHUDWLYHO\ FDOFXODWHV























)URPWKHVLPXODWLRQV LW LVVKRZQWKDWHLWKHU WZR LVRWKHUPDORUVHYHQDGLDEDWLF UHDFWRUV LQVHULHV LQFOXGLQJ LQWHUPHGLDWHZDWHU
VHSDUDWLRQZHUHQHHGHGWRUHDFKWKHUHTXLUHGORZHUDQGKLJKHU:REEH,QGH[RIQDWXUDOJDVTXDOLW\+7KHGLIIHUHQFHEHWZHHQ
WKHLVRWKHUPDODQGDGLDEDWLFFRQFHSWVDULVHVIURPWKHKLJKKHDWRIUHDFWLRQDQGWKHWHPSHUDWXUHUHVWULFWLRQWR&7KHUHIRUH




Isothermal Adiabatic  
Reactor model Aspen RGibbs RStoic 
Reactions/Products 3URGXFWV&2&2+2&++ 6DEDWLHUUHDFWLRQ
Temperature / °C  
Pressure / bar  

,Q )LJXUH  D VLPSOLILHG VFKHPH RI WKH$VSHQPRGHO XVHG WR DQDO\]H WKH DGLDEDWLFLVRWKHUPDO DQGPL[HG UHDFWRUVHTXHQFH LV
JLYHQ2QHDQGWZRRGIBBSUHDFWRUVDUHDQDO\]HGDWDVHWRIRSHUDWLQJFRQGLWLRQVIRULVRWKHUPDOFRQGLWLRQV+HDWLQJFRROLQJRU






Process indicator "1" and “2” give the location where respective Wobbe indices have been FDOFXODWHG
6LQFHWKH6DEDWLHUUHDFWLRQLVH[WUHPHO\H[RWKHUPLF¨+U 165 kJ/mol, ¨TDG .KHDWLQWHJUDWLRQLVHVVHQWLDODQGDOUHDG\
H[DPLQHG DW WKLV VWDJH RI SURFHVV GHVLJQ ,Q WRWDO a0:RI H[FHVV KHDW QHHGV WR EH UHPRYHG IURP WKH UHDFWLRQ )RU WKH








+HDW LQWHJUDWLRQ ZDV VWXGLHG E\ DSSO\LQJ WKH 3,1&+ PHWKRG XVLQJ WKH VRIWZDUH WRRO +,17 9 >@ ZKLFK ZDV ILUVW
LQWURGXFHGE\/LQQKRIIDQG+LQGPDUVK>@7KHPLQLPXPQXPEHURIKHDWH[FKDQJHUVPLQLPXPUHTXLUHGKHDWLQJDQGFRROLQJ


















7KH:REEH ,QGH[SURILOHV IRU WKH LVRWKHUPDORSWLRQDWYDU\LQJSURFHVVSDUDPHWHUVDUH JLYHQ LQ )LJXUH ,W FDQEHFRQFOXGHG




TXDOLW\+/HIW/RZHUDQGXSSHU:REEH,QGH[DWS5HDFWRU EDUEODFNDQGS5HDFWRU EDUUHGDVDIXQFWLRQRIWKHWHPSHUDWXUHRI5HDFWRU+&2 5LJKW
/RZHUDQGXSSHU:REEH,QGLFHVDWS5HDFWRU EDUS5HDFWRU EDU75HDFWRU &UHGDQG75HDFWRU &EODFNDVDIXQFWLRQRIWKHWHPSHUDWXUHRI5HDFWRU
'DVKHGOLQHV+&2 VROLGOLQHV+&2 
*DVTXDOLW\+LVUHDFKHGZLWKDVHFRQGUHDFWRUDIWHUZDWHUVHSDUDWLRQ ,QWKLVUHDFWRUQRVHQVLWLYLW\IRUSUHVVXUHVXSWREDUV
ZDV IRXQGZKHUHDV WHPSHUDWXUH FRPSDUH OLQH FRORXUV DQG+&2 IHHG UDWLR FRPSDUH GDVKHGZLWK VROLG OLQHV KDG D FOHDU
LQIOXHQFH RQ WKH:REEH ,QGH[:KHQ Reactor 1 LV RSHUDWHG DW  EDUV DQG & WKLV VSHFLILFDWLRQ FRXOG QRW EH PHW IRU
WHPSHUDWXUHVRI!&LQReactor 2QRWVKRZQKHUH:KHQFKDQJLQJWKHPRODUUDWLRRI+&2DWLQOHWFRQGLWLRQVDFKDQJHLQ




4. Methanation reactor 
7KHFRUHRIWKHSURFHVV WKHPHWKDQDWLRQUHDFWRUZDVGHVLJQHGDVDFRROHGWXEXODUIL[HGEHGUHDFWRUDQGPRGHOOHGDWGLIIHUHQW
OHYHOVRIGHWDLO'SVHXGRKRPRJHQRXV'KHWHURJHQHRXVDQG'SVHXGRKRPRJHQHRXV$NLQHWLFUDWHH[SUHVVLRQE\/XQGH
HW DO >@ ZKR XVHG D 5X ZW$O2 KHWHURJHQHRXV FDWDO\VW ZDV VHOHFWHG 7KLV IRUPXODWLRQUHSUHVHQWDWLYH FDWDO\VW ZDV
FKRVHQGXHWRLWVKLJKDFWLYLW\DWORZWHPSHUDWXUHV&,WLVLPSRUWDQWEHFDXVHWKHDLPLVWRXWLOL]HWKHKHDWRIUHDFWLRQ
IRU KLJK SUHVVXUH VWHDP SURGXFWLRQ ZKLFK FDQ HLWKHU EH XVHG LQ WKH /33 RU WR UXQ WKH 0($ UHJHQHUDWRU 3UHVVXUHV DQG
WHPSHUDWXUHVRIXWLOLWLHVZHUH VHOHFWHGEDVHGRQJLYHQFRQGLWLRQV LQ WKH /337KH UHDFWRUZDV VLPXODWHGDW LQOHW FRQGLWLRQVRI
S EDUDQG7 &5HDFWRUFRROLQJZDVSHUIRUPHGDW7 &E\SURGXFLQJEDUVWHDP

'LIIHUHQW OHYHOV RI GHWDLOHG UHDFWRUPRGHOVZHUH EXLOW IRU VHSDUDWHSXUSRVHV7KH'SVHXGRKRPRJHQRXV UHDFWRUPRGHOZDV
FUHDWHGIRUILUVWUHDFWRUGHVLJQDVSHFWVDQGGLGQRWLQFOXGHWUDQVSRUWDQGUHDFWLRQSKHQRPHQDDWDFDWDO\VWSDUWLFOHOHYHO7KLVZDV
WKHQ DGGHG LQ WKH ' KHWHURJHQHRXV PRGHO +HDW DQGPDVV GLIIXVLRQ HIIHFWV ZHUH LQFOXGHG DQG WKH QXPHULFDO HIIHFWLYHQHVV


































p = 30 bar



























H2/CO2 = 4.05 H2/CO2 = 4














































%RWK UHDFWRUV KDYH WR EH ORQJHU DQG QHHG WR EH UXQ DW D ORZHU VXSHUILFLDO JDV YHORFLW\ LQ RUGHU WR UHDFK WKH:REEH ,QGH[
VSHFLILFDWLRQV7KLVOHDGVWRDKLJKHUQXPEHURIUHDFWRUWXEHVDQGWKXVDODUJHUVKHOOGLDPHWHU'VDQGKLJKHU&$3(;
 
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5. Process integration with a LPP

7KHLQWHJUDWLRQRIWKH3W*SURFHVVWRD/33ZDVRQHRIWKHPDLQREMHFWLYHVRIWKLVZRUN$VDOUHDG\GLVFXVVHGLQWKHLQWURGXFWLRQ
WKHGLVDGYDQWDJHRIKLJK UHJHQHUDWLYHHQHUJ\ FDSDFLW\ LV LWV IOXFWXDWLQJ LQSXW WR WKH HOHFWULFLW\ JULGZKLFK IRUFHVFRQYHQWLRQDO
VXSSOLHUVWRUHGXFHWKHORDGRIWKHLUSRZHUXQLWVRIWHQUHIHUUHGWRDVSHDNORDGVKDYLQJORDGIROORZLQJF\FOLQJRSHUDWLRQ,IWKH













RIUHLQWHJUDWLRQLVbetween “Preheater 2” and “Preboiler feed tank”.
)LJXUH6LPSOLILHGSUHVHQWDWLRQRIVWHDPWKLFNGDVKHGDQGZDWHUVROLGF\FOHVLQD/337KLFNVROLGOLQH/LJQLWHVXSSO\
7KLQGDVKHGOLQH([KDXVWJDV5HGOLQH(OHFWULFLW\3W*UHIHUVWRWKH3W*SURFHVV







ILQLVKLQJ UHDFWLRQ WDNHVSODFH LQ5;1DIWHUEHLQJSUHKHDWHGDJDLQ LQ+(;7KLV LVDFKLHYHG LQ WKH VDPHZD\DVGHVFULEHG
EHIRUH$IWHUDVHFRQGFRQGHQVDWLRQVWHSZKHUH WKHUHPDLQLQJZDWHU LVVHSDUDWHG WKHSURGXFHG61** LVFRPSUHVVHGLQ
&3WRWKHUHTXLUHGSUHVVXUHRIWKHJDVJULG
&RROLQJZDWHULVVSOLWIURPWKHSUHERLOHUIHHGZDWHUVWUHDPVSOLWLVEHKLQGWKHSUHERLOHUIHHGZDWHUSXPSVHH)LJXUH7KLV
SRLQWZDV FKRVHQEHFDXVH LW LV WKH HDVLHVW DFFHVVLEOHSRLQW LQ D /33DQGGRHVQRW KDYH LQIOXHQFHRQ WKH VWDELOLW\ RI WKHSODQW
RSHUDWLRQ6WUHDPSURSHUWLHVZHUHDYDLODEOHIURPGDWD>@6WDUWLQJZLWKDORZHUSUHVVXUHDVUHTXLUHGWKHFRROLQJZDWHULVILUVW
SUHVVXUL]HGWREDULQRUGHUWRDFKLHYHWKHVWHDPIRUPDWLRQDW&VHH6WR67KLVVWUHDPLVSUHKHDWHGEHJLQQLQJDWORZ
WHPSHUDWXUHV LQ +(; WKHQZLWK LQFUHDVLQJ WHPSHUDWXUHV DV LQWHUPHGLDWH FRROLQJ RI FRPSUHVVHG &2 +(; DQG+(;
























Turbine p1 Turbine p2 Turbine p3
p > 260 bar
T > 530°C
p < 0.1 bar
T < 40°C
p > 1 bar
T < 30°C
p = 8.5 bar
T = 27°C
10 bar < p < 12 bar
140°C < T < 150°C
320 bar < p < 330 bar
170°C < T < 190°C
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s SMIX SH H H'   

2QO\ ORZSUHVVXUHVWHDPaEDUV LV UHTXLUHGIRU WKHDPLQHUHERLOHU LQ WKH&2VFUXEELQJ VHFWLRQ)URPDQHQHUJ\SRLQWRI








IURP WKH SUHERLOHU IHHG ZDWHU PXVW EH UHLQWegrated in front of the “3UHERLOHU IHHG WDQN” E\ UHLQWHJUDWLRQ LQWR WKH VWHDP
FRQGHQVDWHRUDVSUHERLOHUIHHGZDWHU7KLVSRLQWRIUHLQWHJUDWLRQLVLQGLFDWHGE\f,QHDFKFDVHWKHSUHVVXUHOHYHORI6KDVWR
EH DGMXVWHG DFFRUGLQJO\ HQDEOLQJ WKH XVH RI DQRWKHU RSWLRQ WKH XVDJH RI D WXUELQH WR JHQHUDWH WKH UHTXLUHG HOHFWULFLW\ IRU
FRPSUHVVRUV DQG SXPSV 7KLV ODWWHU RSWLRQ ZDV FRQVLGHUHG LQ D VLPLODU SURMHFW IXQGHG E\ WKH )HGHUDO PLQLVWU\ RI UHVHDUFK
*HUPDQ\%0%)>@

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7DEOH6XPPDU\RIHQHUJ\JRLQJLQDQGRXWRIWKH3W*SURFHVV
In / [MW] 
Qel
Out / [MW] 
Qth | Qre-int | 
(OHFWURO\VLV  61* NJK VHH7DEOH
3URFHVVXQLWV  /+961* 0-NJ 
&2FDSWXUH   
  









Where ȘFKHP!HOLVWKHHIILFLHQF\RIFRQYHUWLQJ61*WRHOHFWULFLW\$VVXPLQJDQefficiency for ȘFKHP!HORIJDVWXUELQHVWDWLRQ
ȘFKHP!HOLVLQWKLVFDVHWREHFRPSDUHGWRDUHIHUHQFHYDOXH0OOHUHWDO>@











$OORI WKHVH ILQGLQJVDUHUHSRUWHG LQ7DEOHDVVXPLQJDQRSHUDWLQJ WLPHRI WKH3W*XQLWRIKSHU\HDU RI WLPHRQ
VWUHDP
7DEOH6DYHGDPRXQWRIOLJQLWHDQG&2IRUUHLQWHJUDWLRQRIVXUSOXVUHFXSHUDWHGHQHUJ\




,Q FDVH RI IXOO UHLQWHJUDWLRQ DQG XVDJH RI UHFXSHUDWHG HQHUJ\ IURP WKH PHWKDQDWLRQ SURFHVV WKLV RQO\ OHDGV WR D PDUJLQDO










0:HODUHJHQHUDWHG WKXVHPLWWLQJ W&2K$VD UHVXOWRI WKHHPLWWHG&2 LV UHTXLUHGIRU WKHSURFHVV2YHUDOO
aWKRIIOXHJDVLVUHTXLUHGIRUWKHRSHUDWLRQRIWKH3W*SODQWDVVXPLQJ&2FDSWXUH
7DEOH,QIOXHQFHRQIOXHJDVHPLVVLRQV
Generated CO2 in LPP [t/h] Required CO2 [t/h] Share Required flue gas [t/h] 
   

el el PtG chem elK K K! ! 


























7. Basic equipment design and economical evaluation 

7KHEDVLFHTXLSPHQWGHVLJQZDVPDGHDFFRUGLQJWRWKHPHWKRGRORJ\GHVFULEHGLQ6HLGHUHWDO>@WRREWDLQWKHEDVLFGLPHQVLRQV
UHTXLUHG IRU  DQHFRQRPLFDO HYDOXDWLRQ PDVVDQGHQHUJ\ EDODQFHEDVHG5HVXOWVDUHSUHVHQWHG LQ7DEOH$SSHQGL[&$OO
numbers are given in 2012’s CE Plant Cost Indices and US$.

7RWDO SURGXFWLRQ FRVWV 23(; ZHUH REWDLQHG DFFRUGLQJ WR WKH JXLGHOLQHV JLYHQ LQ 7DEOH  $SSHQGL[ & 7KH DQQXDO
SURILWVDYLQJVDUHJLYHQDVWKHGLIIHUHQFHRIWKHWRWDOVDOHVVDYLQJVLQ23(;FRVWVDQGWKHWRWDOSURGXFWLRQFRVWV7ZRFDVHVZHUH









0RVW LPSRUWDQW UHVXOWVDUHSUHVHQWHG LQ7DEOH3URILW6DYLQJ LQFOXGHSRVVLEOH OLJQLWH VDYLQJV WKURXJKKHDW UHLQWHJUDWLRQRI
UHDFWLRQHQWKDOS\VHOOLQJRI61*DWPDUNHWSULFHV86NJ61*>@DQGFRPSHQVDWLRQIRUFDUERQFDSWXUHDQGXVDJH
86W&2DWKDOI WKHSULFH IRU&2FHUWLILFDWHV >@ It is likely to obtain further compensations for the production of “green” 
61*\HWLWLVQRWLQFOXGHGLQWKLVDQDO\VLV
7DEOH6XPPDU\RIUHVXOWVIURPWKHHFRQRPLFDODQDO\VLVIRUGLIIHUHQWRQVWUHDPWLPHV









CAPEX [M$]    
CRED [M$/a]   
OPEX [M$/a]    
Profit/Saving [M$/a]    
ROI [%] (after tax)    
PBP [a] 









KXJH LPSDFW RQ WKH HFRQRPLF SHUIRUPDQFH 23(; HVWLPDWLRQ VKRZV WKDW WKH KLJKHVW DVVHWV DUH GHSUHFLDWLRQ a  DQG





SULFH NJ61* WKLV UHVXOWV LQ D WLPHVKLJKHU FRVW SULFH >@7KHSURGXFWLRQ FRVWV DUHQRW FRPSHWLWLYH DQGKHQFH DVD
UHVXOWFRPSHQVDtion for a “less” dynamical /33QHHGVWREHLQFOXGHG&DVH,,,WLVDVVXPHGWKDWDIOH[LEOHRSHUDWLRQRIWKH/33
LQFUHDVHV WKH DQQXDO RSHUDWLRQ DQGPDLQWHQDQFH FRVWV%DVLF2	0RI D/33DUH0D 0:HO/33Æ&$3(;











$VDUHVXOW LWFDQEHFRQFOXGHGWKDWWKH3W*LQFRPELQDWLRQZLWKWKH /33GRHVQRWJHQHUDWHDSURILW LQLWVHOI&DVH,EXWLVD
PHWKRGWRVHFXUHWKH ORQJWHUPRSHUDELOLW\RIWKH/33&DVH,,DW WKHH[SHQVHRIDFRQWULEXWLRQWRWKH3W*SODQW7KLVPRQH\
ZRXOGRWKHUZLVHEHVSHQWRQDGGLWLRQDO2	0FRVWVGXHWRSHDNORDGVKDYLQJ$WWKLVSRLQWLQ WLPHLW LVGLIILFXOW WRMXGJHKRZ
WKHVH FRVWV ZLOO FKDQJH LQ WKH IXWXUH +RZHYHU ZLWK GHFUHDVLQJ DONDOLQH HOHFWURO\VLV FRVWV VHH 6HQVLWLYLW\ $QDO\VLV DQG DQ



































renewable energies in the market), this technology could be a good asset for LPP’s balance sheet.
9. Results and Conclusions

,Q WKLVZRUN LWZDV VWXGLHGZKHWKHU WKH3W*SURFHVV FDQEH XVHG LQ D/33HQYLURQPHQW LQ D SURILWDEOHZD\ WR VWRUH VXUSOXV
UHQHZDEOHHOHFWULFDOHQHUJ\IURPWKHJULGE\FRQYHUWLQJLWWRQDWXUDOJDVWKHUHE\XWLOL]LQJRIWKHFDSDFLW\RIWKH/33KHUH
0:HO IRU K\GURJHQ JHQHUDWLRQ DQG DOORZLQJ WKH /33 WR UXQ ZLWK OHVV FDSDFLW\ IOXFWXDWLRQV RU DQ HYHQ PRUH GHFUHDVHG
PLQLPXP QRPLQDO FDSDFLW\ 9DULRXV SURFHVV FRQILJXUDWLRQV ZHUH HYDOXDWHG LQ D IORZVKHHWLQJ VWXG\ WR LGHQWLI\ WKH RSWLPDO
FRQFHSWXDOSURFHVVDQGUHDFWRUGHVLJQRIWKH3W*SURFHVV,WZDVIRXQGWKDW61*JDVTXDOLW\+FDQEHSURGXFHGLQWZRFRROHG
WXEXODUSDFNHGEHGUHDFWRUVSODFHGLQVHULHVRSHUDWLQJDWS EDUDQGDQLQOHW WHPSHUDWXUHVRI&%\XWLOLW\LQWHJUDWLRQ
EHWZHHQ WKH 3W* DQG /33 SURFHVV V\QHUJHWLF FRPELQDWLRQV DUH SRVVLEOH $ SURFHVV GHVLJQ RI WKH 3W* SODQW ZDV PDGH DQG
UHTXLUHGXWLOLWLHVZHUH LQWHJUDWHGZLWK WKRVHIURPD/33DWFRQGLWLRQVRIPLQLPXPRSHUDWLRQDO ORDG3URGXFHGVWHDPFDQEH
XVHGIRUUXQQLQJWKH0($&2DEVRUSWLRQXQLWDQGVXUSOXVUHFXSHUDWHGHQHUJ\FDQEHUHLQWHJUDWHGWRWKH/337KLVHQKDQFHVWKH
SHUIRUPDQFHRIWKHVWHDPF\FOHDQGOHDGVWRDOLJQLWHDQG&2UHGXFWLRQRIDURXQGRQHSHUFHQW7KHRYHUDOOHIILFLHQF\RIWKH3W*
process was determined (Ș = 53.4ZKLFKLVVOLJKWO\KLJKHUFRPSDUHGWR3W*SURFHVVHVGLVFXVVHGLQOLWHUDWXUH>@

&DSLWDOH[SHQGLWXUH &$3(;ZDVHVWLPDWHGDW0 N:WKUHIHUULQJ WR WKH WKHUPDORXWSXWRI61*DQG WKHPDMRU
FRQWULEXWRU LV WKHDONDOLQHHOHFWURO\VLV a 23(;ZDVHVWLPDWHG LQ WKHUDQJHRI0D UHVXOWLQJ LQDFRVWSULFHIRU
61*EHWZHHQNJ61*ZKLFKH[FHHGVFXUUHQWPDUNHWSULFHV3URILWVVDYLQJVZHUHLGHQWLILHGDVZHOOIRUWKLVSURFHVVHJ






HFRQRPLFDOO\ YLDEOH EXW&$3(;RI DONDOLQH HOHFWURO\VLV DUH H[SHFWHG WR VXEVWDQWLDOO\ GHFUHDVH LQ IXWXUH7KH DOUHDG\ H[LVWLQJ
GLVWULEXWLRQQHWZRUNDQGWKHODUJHVWRUDJHFDSDFLW\DUHWKHELJJHVWDGYDQWDJHVIRUWKLVWHFKQRORJ\ZKLFKJLYHVWKHWHFKQRORJ\DQ





7KLV SDUW RI UHVHDUFK ZDV FDUULHG RXW LQ FRRSHUDWLRQ ZLWK ThyssenKrupp Industrial Solutions AG, Business Unit Process 
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Description Unit Group L Group H 
Wobbe-Index   
Overall range N:KP  
0-P  
Set point N:KP  
0-P  
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Appendix C. Basic equipment design and economical evaluation 
7DEOH0DLQUHVXOWVIURPHTXLSPHQWGHVLJQRIDOOPDMRU3W*SURFHVVXQLWV
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7DEOH6XPPDUL]HGFRVWIDFWRUVIRUWKHPHWKDQDWLRQSURFHVVSULFHVLQ0IRU6FHQDULR$DQG%&DVH,,ZLWK&5('
Cost factor Scenario A (800 h) Scenario B (1200 h) 
Utilities       
Operations       
Maintenance       
Operating overhead       
Property insurance and tax       
Depreciation       
Raw materials       
COM       
GE       
Total production costs       
Sales/Cost reduction       
Profit (before tax)       
ROI (%)    3.0 11.0 
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